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(54) System and method for controlling an inflatable cushion 



(57) An air bag pressure control system for use in a 
vehicle (10) is provided. The system comprises a hous- 
ing (16), an inflatable cushion (20), and a dual stage in- 
flator (18). The inflator generates a quantity of inflation 
gas to deploy the inflatable cushion from the housing. A 
vent opening (56) is formed in the housing to selectively 



direct a portion of the inflation gas towards or away from 
the inflatable cushion. A sensing and diagnostic module 
(22) detects an activation event level. A control algo- 
rithm (112) tailors an inflation level of the inflatable cush- 
ion during deployment according to the activation event 
level. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part appli- 
cation of commonly owned and assigned United States 
Patent Application Serial No. 09/951,809 filed on Sep- 
tember 13, 2001 which is a continuation-in-part applica- 
tion of commonly owned and assigned United States 
Patent Application Serial No. 09/672,474 filed on Sep- 
tember 28, 2000, which issued on July 23, 2002 as U. 
S. Patent No. 6,422,597, the contents of which are in- 
corporated herein by reference thereto. This application 
is also related to and claims the benefit of commonly 
owned and assigned Provisional United States Patent 
Application Serial No. 60/343 ,844 filed on December27, 
2001, and Provisional United States Patent Application 
Serial No. 60/371,545 filed on April 10, 2002, the con- 
tents of which are incorporated herein by reference 
thereto. 

TECHNICAL FIELD 

[0002] This disclosure relates generally to air bags for 
vehicles. Specifically, this disclosure relates to systems 
and methods for controlling the inflation level of an in- 
flatable cushion of an air bag module. 

BACKGROUND 

[0003] Air bag modules have become common in 
modern automobiles. An air bag module typically com- 
prises an inflatable cushion and an inflator within a hous- 
ing. The module is installed in a desired position within 
the vehicle, such as the steering wheel, the dashboard, 
the seat, the A-pillar, and other locations. The inflatable 
cushion is stored in a folded position within the housing 
in fluid communication with the inflator. In response to 
an activation event or occurrence, a sensor provides a 
signal for activating the inflator. The inflator provides a 
supply of inflating gas to the cushion to inflate the cush- 
ion, deploying it from the housing into the vehicle. 
[0004] Various methods have been employed to more 
closely tie the inflation level of the inflatable cushion to 
specific conditions. For example, dual stage inflators 
have been used to increase or decrease the level of in- 
flation of the inflatable cushion. Alternatively, variable 
venting schemes have been used to direct a portion of 
a generated inflation gas away from the cushion. Fur- 
ther, variable' tethering systems have been used to re- 
strict or vary the overall cushion volume. 

SUMMARY 

[0005] An air bag pressure control system for use in 
a vehicle is provided. The system comprises a housing, 
an inflatable cushion, and a dual stage inflator. The 
housing is configured for installment in the vehicle in a 



selected spatial relation to a seating structure. The in- 
flatable cushion is stored in an undeployed position in 
the housing. The dual stage inflator is stored in the hous- 
ing in fluid communication with the inflatable cushion. 

5 The inflator generates a quantity of inflation gas being 
in a range defined by a first quantity of inflation gas and" 
a second quantity of inflation gas to deploy the inflatable 
cushion from the housing towards the seating structure. 
A vent opening is formed in the housing to selectively 

10 direct a portion of the first or second quantity of inflation 
gas towards or away from the inflatable cushion. A sens- 
ing and diagnostic module detects an activation event 
level. A control algorithm tailors an inflation level of the 
inflatable cushion during deployment by controlling the 

15 dual stage inflator to generate either the first quantity of 
inflation gas or the second quantity of inflation gas, by 
controlling the vent opening to direct the portion towards 
or away from the inflatable cushion, and combinations 
thereof. 

20 [0006] A method of customizing the pressure within 
an inflatable cushion installed in a vehicle is provided. 
The method comprises determining at a first decision 
node whether or not to move an actuation mechanism 
from a first position to a second position based on 

25 whether a seating structure is in a first location, the ac- 
tuation mechanism being configured to selectively direct 
a portion of an inflation gas away from or toward the in- 
flatable cushion and being configured to selectively re- 
tain the inflatable cushion in a profile being in a range 

30 defined by a first expanded profile and a second ex- 
panded profile; determining whether a seat belt struc- 
ture is in a first state or a second state; determining 
whether an activation event has a first level or a second 
level; and determining at a second detection node 

35 whether to generate the inflation gas in a high quantity, 
a low quantity, or no quantity based on whether the seat- 
ing structure is in the first location, whether the seat belt 
structure is in the first or second state, and whether the 
activation event has the first or second level. 

40 [0007] Another method of customizing the pressure 
within an inflatable cushion installed in a vehicle is also 
provided. The method comprises detecting an activation 
event level, the activation event level being in a range 
defined by a first level and a second level; detecting a 

45 seating structure position, the seating structure position 
being in a range defined by a first position and a second 
position; detecting a seat belt state, the seat belt state 
being in a range defined by a first state and a second 
state; and controlling a generation of a quantity of infla- 

50 tion gas, a diffusion of a portion of the inflation gas, and 
a change in an expanded state of an inflatable cushion 
based on the activation event level, the seating structure 
position, and the seat belt state 

[0008] A third method of customizing the pressure 
55 within an inflatable cushion installed in a vehicle is pro- 
vided. The method comprises determining at a first de- 
cision node whether a seating structure is in a first loca- 
tion or a second location; determining at a second de- 
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cision node whether a seat belt structure is in a first state 
or a second state; determining at a third decision node 
whether an activation event has a first level or a second 
level; and generating an inflation gas unless the seating 
structure is in the first location; the seat belt structure is 
in the first state, and the activation event has the first 
level; diffusing a portion of the inflation gas away from 
an inflatable cushion and retaining the inflatable cushion 
in a first expanded profile if the seating structure is in 
the first location and the inflation gas is generated; and 
diffusing the portion of the inflation gas toward the inflat- 
able cushion and changing the inflatable cushion to a 
second expanded profile if the seating structure is in the 
second location and the inflation gas is generated. 
[0009] The above-described and otherfeatures of the 
present disclosure will be appreciated and understood 
by those skilled in the art from the following detailed de- 
scription, drawings, and appended claims. 

DRAWINGS: 

[0010] 

Figure 1 is a schematic view of a vehicle interior 
showing an air bag cushion in a stored or unde- 
ployed state; 

Figure 2 is a sectional view of an exemplary embod- 
iment of an air bag module; 

Figure 3 illustrates an exemplary embodiment of an 
inflatable cushion in a first deployed state; 
Figure 4 illustrates the inflatable cushion of Figure 
3 in a second deployed state; 
Figure 5 is an exemplary embodiment of a control 
algorithm for the control of the air bag module of 
Figures 2-4; 

Figure 6 is an alternative exemplary embodiment of 
the control algorithm of Figure 5; and 
Figure 7 is an alternative exemplary embodiment of 
a control algorithm for the control of the air bag mod- 
ule of Figures 2-4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0011] Referring now to the Figures, and in particular 
to Figure 1 a portion of a vehicle 10 is illustrated. Includ- 
ed in an interior compartment of vehicle 1 0 are a seating 
structure 12 and an air bag module 14 disposed in a 
selected spatial relationship with respect to seating 
structure 12. The air bag module 14 comprises a hous- 
ing 1 6, an inf lator 18, and an inflatable air bag or cushion 
20. The module 14 is positioned in the vehicle 10 for 
deployment of the cushion 20 towards the seating struc- 
ture 12. 

[0012] Asensororsensing-and-diagnostic module 22 
is adapted to detect an activation event to provide an 
activation signal 24 to the inflator 18. The detection of 
the activation event can be determined by one or more 
sensors disposed about the vehicle. Thus, the activation 



signal 24 controls the activation of the airbag module 1 4. 
[0013] The cushion 20 is stored in a folded or unde- 
ployed position in the housing 16, and is in fluid com- 
munication with the inflator 18. Upon detection of an ac- 

5 tivation event by the sensing-and-diagnostic module 22, 
the inflator 18 is activated via signal 24 to generate an 
inflation gas. The inflation gas causes the cushion 20 to 
inflate and expand from the housing 16 into the interior 
of the vehicle 10. It should be recognized that the mod- 

10 ule 14 is illustrated by way of example only as being in- 
cluded in the dashboard of the vehicle 1 0. Of course, it 
is contemplated for module 14 to be installed in other 
regions of the vehicle 10, such as, but not limited to the 
steering wheel, the seat, the A-pillar, the roof, and other 

15 locations. 

[0014] The sensing-and-diagnostic module 22 can al- 
so be adapted to detect one or more conditions of the 
seating structure. For example, sensing-and-diagnostic 
module 22 can be adapted to detect one or more of the 

20 following: a load on the seating structure 12, a position 
of the seating structure, an angle of a portion of the seat- 
ing structure with respect to another portion, the dis- 
tance the seating structure is from the air bag module 
14, and other data that is relevant to the deployment of 

25 the airbag. For example, the sensing-and-diagnostic 
module 22 can receive input from one or more sensors 
such as, but not limited to, a seat position sensor 26, an 
optical scanner 28, a load sensor 30, a seat recline sen- 
sor 32, a seat belt use detection sensor 34, and a belt 

30 tensioning sensor (not shown). The sensors are posi- 
tioned to provide input signals to module 22 indicative 
of one or more seat conditions. 

[0015] The seat position sensor 26 detects the posi- 
tion or distance of seating structure 12 with respect to 

35 the air bag module 14. Similarly, the optical scanner 28 
can be used to detect the position of seating structure 
12. The load sensor 30 is disposed within the seating 
structure 1 2 and can be used detect the load on the seat- 
ing structure. Thus, sensor 30 is capable of detecting 

40 the specific weight or load on a portion of seating struc- 
ture 12. The seat recline sensor 32 can be used to detect 
the degree or angle to which an upper or back portion 
of the seating structure 12 is reclined or positioned with 
respect to a lower or seat portion of seating structure 

45 12. The seat belt use detection sensor 34 can determine 
whether the seat belt 36 is secured (e.g ., buckled is in- 
serted into its corresponding clasp). The seat belt ten- 
sioning sensor, alone or in combination with the load 
sensor 30, can also be used determine the load on the 

50 seating structure 1 2. 

[0016] An exemplary embodiment of an air bag mod- 
ule for use with the present disclosure is illustrated in 
Figures 2-4. As will be described in detail below, air bag 
module 14 comprises means to customize or tailor the 

55 inflation level within the inflatable cushion 20. The infla- 
tion level is controlled by the control module 22 to be 
commensurate with specific data inputs received from 
the plurality of sensors. Specifically, the airbag module 
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14 is configured to adjust the quantity of inflatorgas gen- 
erated from the inflator 18, to adjust the quantity of in- 
flator gas directed into the inflatable cushion 20, to ad- 
just the volume of the cushion, and combinations of one 
or more of the foregoing. Here, the various means are 
integrally controlled to provide a simple, inexpensive, 
and reliable way to adapt the inflation level of cushion 
20 to various conditions. 

[0017] It has been determined that the pressure within 
the inflatable cushion upon deployment is proportional 
to the quantity of inflator gas expelled into the air bag 
and inversely proportional to the volume available to be 
occupied by the inflator gas within the air bag. Accord- 
ingly, the various means in the module 1 4 are controlled 
to take advantage of this principle to provide a simple, 
inexpensive, and reliable way to adapt the inflation level 
of cushion 20 in accordance with various conditions. 
[0018] Turning now to Figure 2, the air bag module 
includes among other elements the housing, the inflator, 
and the inflatable air bag or cushion. The inflator is a 
dual stage inflator, adapted to release at least two levels 
of inflatorgas into the cushion 20. The dual stage inflator 
1 8 can be, for example, inflators such as, but not limited 
to pure gas inflators, hybrid inflators, pyrotechnic infla- 
tors, and the like. 

[0019] By way of example only, dual stage inflator 18 
is described herein as a hybrid inflator. Hybrid inflators 
include both a pressure vessel having a stored gas and 
one or more gas generators. When the gas generator is 
ignited, it generates additional gas and/or adds heat to 
the stored gas of the pressure vessel to provide the de- 
sired quantity of inflation gas. 

[0020] Inflator 18 comprises a quantity of stored gas 
in a first area 38 sealed by a rupturable diaphragm 39. 
The first area 38 includes a first gas generator 40 and 
a second gas generator 41 . The first generator 40 com- 
prises a first amount of propellant 42 and a first squib or 
initiator 44 for igniting the same. The second gas gen- 
erator 41 houses a second amount of propellant 46 and 
a second squib or initiator 48 for igniting the same. By 
way of example only, the first and second propellants 
can be sodium azide. Thus, the first squib 44 provides 
a means for igniting propellant 42 and the second squib 
48 provides a means for igniting propellant 46. 
[0021] The squibs (44 and 48) are activated by a sig- 
nal generated by the sensing-and-diagnostic module 
22. The ignition of either or both of the gas generators 
40 and 41 generate an additional amount of gas and/or 
generate heat, which causes the gas stored in the first 
area 38 to increase in pressure and thus, to rupture the 
diaphragm 39. 

[0022] Once the diaphragm 39 is ruptured, the first ar- 
ea 38 is in fluid communication with gas discharge ports 
50. Gas discharge ports 50 generally surround a diffuser 
portion 52 of inflator 18 such that gas generated by the 
inflator is communicated to the inflatable cushion 20. 
[0023] The first generator 40 is smaller (e.g., capable 
of generating less inflation gas and/or heat) than the 



second generator 41. Accordingly, the quantity of gas 
generated and expelled by the inflator 18 upon the igni- 
tion of the first generator 40 is smaller then the quantity 
of gas generated and expelled by the inflator upon the 

5 ignition of the second generator 41 . 

[0024] Additionally, both gas generators 40 and 41 
can be ignited simultaneously or delayed from one an- 
other to allow inflator 18 to provide two or more levels 
of inflation. For example, firing both generators will pro- 

10 vide a higher level of inflation than firing one or the other. 
In addition, by delaying the firing of one generator after 
the other can also cause the level of inflation to be var- 
ied. In this manner, the dual stage inflator can be con- 
figured to provide two or more levels of inflation. 

15 [0025] Again, it should be recognized that inflator 18 
is described herein by way of example only as a hybrid 
inflator. Of course, other inflators having means of pro- 
viding more than one level of inflation are contemplated 
for use with the module of the present disclosure. 

20 [0026] In an exemplary embodiment, the dual stage 
inflator is adapted to provide about 80% level of inflation 
(e.g., ignition of only the second generator 41) and to 
provide a 100% (e.g., simultaneous ignition of both the 
first and second generators). 

25 [0027] The initiator sequencing of dual stage inflator 
18 is also described above by way of example only. Of 
course, other initiator sequencing configurations adapt- 
ed to various levels of inflation are also contemplated to 
be within the scope of the present disclosure. Also con- 

30 templated are dual stage inflators 18 configured to pro- 
vide more or less than the 80% level of inflation. Further, 
the dual stage inflator 18 is described above by way of 
example only as providing two levels of inflation (80% 
and 100%). Of course, the time period between ignition 

35 of the generators 40 and 41 can be varied as to provide 
a range of output quantities. 

[0028] Additionally, the dual stage inflator 18 is de- 
scribed above by way of example as igniting only the 
second generator 41 to provide the 80% level of infla- 

40 tion, and igniting the propellants of both the first and sec- 
ond generators 40 and 41 to provide the 100% level of 
inflation. Of course, it is contemplated for the dual stage 
inflator 18 to include a disposal ignition of the first gen- 
erator 40 under any deployment conditions. For exam- 

45 pie, it is often desired that all of the pyrotechnic or po- 
tential energy be used during the deployment of the air 
bag cushion. Under low inflation conditions, the dual 
stage inflator 18 is configured to ignite the first generator 
40 about 50-100 ms (milliseconds) after the ignition of 

so the second generator 41 in order to dispose the module 
of stored energy. By igniting the first generator after the 
aforementioned delay period, the ignition of the firstgen- 
erator will not vary the overall or intended inflation level. 
Thus, the disposal ignition of the propellant of first gen- 

55 eratordoes not affect the ability of the dual stage inflator 
18 to provide the 80% inflation level. 
[0029] As also illustrated in Figure 2, the air bag mod- 
ule 14 further comprises a variable inflator means. For 
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example, a vent system 54 is adapted to direct different 
levels of the generated inflator gas to the cushion. The 
housing 16 includes a ventopening or aperture 56, while 
the airbag module 14 includes a vent-blocking-device 
58 that is moveable between an open position and a 
closed position (illustrated in phantom). When the vent- 
blocking-device 58 is in the closed position, it covers 
opening 56 such that all of the inflator gas generated by 
inflator 18 is directed toward the opening of cushion 20 
to provide a high level of inflation. When the vent-block- 
ing-device 58 is in the open position (e.g., aperture 56 
unblocked) at least a portion of the inflator gas generat- 
ed by inflator 18 is allowed to flow through opening 56 
and away from the cushion to provide a low level of in- 
flation. Other vent devices contemplated for use with the 
present disclosure are illustrated in United States Patent 
Nos. 6,039,346, 6,161,866, 6,213,502 and 6,247,726, 
the contents of which are incorporated herein by refer- 
ence thereto. 

[0030] In an exemplary embodiment, the variable in- 
flator vent system 54 is configured to provide about a 
70% level of inflation when vent openings 56 are un- 
blocked, and about a 100% level of inflation when the 
vent openings 56 are covered by device 58. 
[0031] Of course, it should be recognized that the var- 
iable inflator vent system 54 is described above by way 
of example only. Also contemplated for use with the 
present disclosure are variable inflator vent systems 54 
configured to provide other diffusion ratios, and/or more 
than two diffusion ratios forthe cushion 20. Forexample, 
the movement of the vent-blocking-device 58 between 
the open and closed positions can be timed with respect 
to the generation of the inflator gas by inflator 1 8 to pro- 
vide a range of output quantities between the various 
levels. 

[0032] In a first embodiment, the air bag module 14 
comprises the dual stage inflator 18 and the variable in- 
flator vent system 54. In this configuration, the module 
can be controlled to provide three discrete inflation input 
levels. 

[0033] Air bag module 14 can also comprise a varia- 
ble tether system 60. The variable tether system 60 is 
illustrated in detail in Figures 3-4. Variable tether system 
60 is adapted to provide cushion 20 with either a first 
expanded state /profile 62 (Figure 3) or second expand- 
ed state / profile 64 (Figure 4). Thus, the variable tether 
system is configured to adjust the volume and rearward 
excursion (e.g., movement towards the seating struc- 
ture 12) of the cushion. 

[0034] Specifically, the variable tether system com- 
prises one or more tethering elements 66 connected to 
an inner surface of the cushion at either end, and a re- 
leasable element 68 connected to the tethering ele- 
ments 66 between the end points of the tethering ele- 
ments. Releasable element 68 releasably secures a 
portion of the tethering elements to the air bag module. 
When the releasable element secures the tethering el- 
ements to the air bag module, the tethering element is 



restricted from fully expanding, and thus the cushion is 
maintained at the first expanded state 62. Thus, the first 
expanded state is provided by retaining releasable ele- 
ment 68 to the air bag module 14 (Figure 3). In order to 

5 provide the second expanded state, the releasable ele- 
ment is released from the air bag module 14 thereby 
allowing the tethering elements 66 to extend to their full 
length (Figure 4). In this manner, variable tether system 
60 is configured to provide the air bag module 14 with 

10 an adjustable volume for the cushion 20 (e.g., a larger 
volume in Figure 4 and a smaller volume in Figure 3). 
[0035] In an exemplary embodiment, the variable in- 
flator vent system 54 is linked to the variable tether sys- 
tem 60. Specifically and with reference to Figure 2, an 

15 actuation mechanism 70 is adapted to operate both the 
variable inflator vent system 54 and the variable tether 
system 60. The actuation mechanism 70 comprises a 
support structure 72, a plunger element 74, and an ini- 
tiating device 76. The support structure 72 defines an 

20 axial opening 78 into which the plunger element and the 
initiating device are inserted during assembly. 
[0036] The support structure 72 includes a first sup- 
port end 80 of a substantially flanged configuration that 
is secured directly to the inflator 18. First support end 

25 80 of the support structure is secured to the inflator 18 
by any suitable method, such as welding or equivalents 
thereof. In the embodiment of Figure 2, support struc- 
ture 72 also includes a spacing shoulder 82 which is 
sized larger than an end opening in the housing such 

30 that the support structure is limited from going through 
the end opening within the housing and is properly po- 
sitioned during assembly. Spacing shoulder 82 is pref- 
erably integrally formed with support structure 72 by ma- 
chining or molding the same together. Alternatively, the 

35 spacing shoulder may also be provided as a separate 
piece attached to or slipped over the support structure. 
The support structure further includes a threaded end 
portion 84. Threaded end portion 84 extends past the 
spacing shoulder 82 through the end opening of the 

40 housing for mating with a cap nut 86 in order to secure 
the dual stage inflator and the actuation device 70 to the 
housing. 

[0037] The plunger element is seated within the axial 
opening of the support structure and has an outside di- 

45 ameter that is slightly smaller than the axial opening 
such that the plunger element may slide relative to the 
support structure. The plunger element 74 comprises a 
tether-blocking-device 88 and vent-blocking-device 58. 
The blocking devices 88 and 58 are slidably disposed 

50 in guide channels 90 and 92, respectively. Thus, move- 
ment of plunger element 74 within support structure 72 
causes the blocking devices (88 and 58) to slide within 
the guide channels (90 and 92). 

[0038] Plunger element 74 can include a shear fea- 
55 ture 94, which is illustrated as a flange located at the 
end of the plunger element 74. The shearfeature is pref- 
erably integrally formed with the plunger element 74. Al- 
ternatively, shear feature 94 is a separate piece at- 
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tached to the plunger element 74. The shear feature is 
sized to be larger than the axial opening within the sup- 
port structure such that the shear feature engages the 
support structure during insertion of the same thereby 
limiting the insertion of the plungerelement into the sup- 
port structure. Thus, with the shear feature intact the 
plunger element is prevented from sliding within the sup- 
port structure. 

[0039] Plunger element 74 includes an axial plunger 
bore 96 in which initiating device 76 is sealed. Initiating 
device 76 is a pyrotechnic squib, pneumatic actuator or 
equivalent thereof. The initiating device is configured for 
activation by an activation signal from sensing-and-di- 
agnostic module 22. Upon activation, initiating device 
76 is configured to provide a means for urging the plung- 
er element away from the initiating device. Plunger ele- 
ment 74 is urged with a force sufficient to cause shear 
feature 94 to break off. Thus, plunger element 74 con- 
tinues to slide within the support structure until the 
plunger abuts a portion of inflator 18, which acts as a 
stop surface. 

[0040] When the initiating device 76 is a pyrotechnic 
squib, the initiating device produces a pressure wave 
that reacts with a plunger reaction surface 98. The ap- 
plication of such force causes shearfeature 94 to break 
off and permits the plunger element 74 to slide within 
the support structure 72. 

[0041] The movement of the plunger element within 
the support structure causes both the tether-blocking- 
device 88 and the vent-blocking-device 58 to slide within 
guide channels 90 and 92, respectively. The movement 
of the tether-blocking-device 88 and the vent-blocking- 
device 58 are described in more detail below. 
[0042] : The movement of the plunger element within 
the support structure causes the tether-blocking device 
to slide within guide channel 90 such that the tether- 
blocking device releases the releasable element 68. 
Specifically, releasable element 68 includes a securing 
member 100. The securing member 100 can, for exam- 
ple, be secured to the releasable element 68 by stitching 
102 or can be a part of the releasable element defined 
by the stitching. 

[0043] The securing member 100 is preferably formed 
from materials having the ability to withstand substantial 
loading such as, but not limited to, nylon cords, metal 
rings, and equivalents thereof. The securing member is 
passed over a retaining stud 104 that is fixedly secured 
to the housing or other location wherein the location of 
the stud is not affected by the movement of the plunger 
element and other movable mechanisms of the air bag 
module. Thus, retaining stud 104 extends through the 
opening in the securing member such that the securing 
member may be released and pulled away from the re- 
taining stud when tension is applied to the releasable 
element 68. For example, retaining stud 104 can have 
an angular configuration for the securing member to 
slide off. Alternatively, retaining stud 104 is made out of 
a material that is bendable by the tension of releasable 



element 68 once tether-blocking-device 88 is moved 
away from retaining stud 104. However when the plung- 
er element is not moved from retaining stud 104, it is 
disposed in butting or notched relation to the tether- 

5 blocking-device 88. As will be appreciated, the tether- 
blocking-device 88 when held in position by shearfea- 
ture 94 prevents withdrawal of securing member 100 
from retaining stud 104. Thus, no movement of the 
plunger element causes the securing member to be re- 

10 tained on retaining stud 104. Upon the movement of 
plunger element 74 by initiating device 76, the tether- 
blocking-device 88 moves away from the retaining stud 
104 thereby allowing the securing member to be pulled 
away from the retaining stud as the cushion inflates. 

15 [0044] The operation of the tether-blocking-device 88 
is best illustrated with reference to Figures 2-4. The teth- 
er-blocking-device 88 is shown in a first position (Fig- 
ures 2-3) abutting the retaining stud 104 thereby secur- 
ing the securing member to the housing and retaining 

20 the cushion in the first expanded state 62. Alternately, 
the tether-blocking-device 88 is illustrated in Figure 4 
away from the retaining stud 104 thereby allowing the 
securing member 1 00 to be pulled away from the retain- 
ing stud by the inflation of cushion 20. 

25 [0045] As illustrated through simultaneous reference 
to Figures 3 and 4, the air bag cushion 20 is capable of 
being maintained at the first expanded profile (Figure 3) 
or being extended to the second expanded profile (Fig- 
ure 4). The second expanded profile is characterized by 

30 more inflating volume corresponding to more depth and 
rearward excursion of the air bag. In an exemplary em- 
bodiment, the variable tether system is configured to 
provide about an 87% total volume of an unrestrained 
cushion 20 in the first expanded state 62. The variable 

35 tether system also is configured to provide about a 
100% volume of the cushion 20 when the tether-block- 
ing-device 88 is moved away from the retaining stud 104 
thereby releasing the securing member 100. Of course, 
a variable tether system 60 configured to provide other 

40 volumes is contemplated in accordance with the present 
disclosure. 

[0046] Tethering elements 66 are preferably in the 
form of straps that limit volume and profile of cushion 
20. The tethering elements 66 are preferably disposed 

45 across an interior length of the air bag cushion and ex- 
tend in a travel path between fixed points of connection 
106 located along the surface of the air bag cushion. As 
shown in Figures 3 and 4, the tethering elements 66 are 
preferably further connected to the surface of the air bag 

so cushion 20 at locations along the travel path by guide 
elements 108. Guide elements 108 are located at a sur- 
face 110 that is distal from inflator 18. The operative 
length of the tethering elements 66 can be varied by, for 
example, varying the length of releasable element 68, 

55 the length of the securing member 100, changing the 
location of points 106, and/or changing the size or loca- 
tion of the guide elements 108. Releasable element 68 
is connected to the tethering elements at a location in- 
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termediate to the fixed points of connection 106. 
[0047] When the releasable element 68 is retained at 
the retaining stud 104, the tethering elements 66 will 
cause the depth of the air bag cushion 20 to be re- 
strained to the first expanded profile 62 (e.g., 87% of the 
second expanded profile 64). However, when the re- 
leasable element 68 is released from the retaining stud 
104, the tethering elements 66 will cause the depth of 
the air bag cushion 20 to be expanded to the second 
expanded profile 64. The second expanded profile 64 is 
about 13% larger than the first expanded profile 62. 
[0048] In an exemplary embodiment, the tethering el- 
ement remains connected to at least two points of at- 
tachment 106. Of course, tethering elements 66 are ca- 
pable of being secured to more than two points to ac- 
cordingly vary the volume of the air bag cushion. Such 
points of attachment 1 06 provide for continued restraint 
of the air bag cushion. This is caused by the tethering 
element 66 even after the operative length is allowed to 
fully expand. Namely, the tethering element 66 contin- 
ues to contour the profile of the air bag cushion 20 even 
with an enhanced operating length provided by the sec- 
ond state. The material forming the tethering element 
66 and the releasable element 68 is preferably of pliable 
nature such as a woven or knitted textile having a con- 
struction resistant to substantial elongation upon the ap- 
plication of tensile forces. A woven structure of NYLON 
yarns is an example of such a material. 
[0049] The movement of the plunger element within 
the support structure also causes the vent-blocking de- 
vice 58 to slide within guide channel 92 such that the 
vent-blocking device closes or blocks vent openings 56. 
In the illustrated embodiment, tether-blocking-device 
88, and vent-blocking-device 58 are arranged in a sub- 
stantially M L" shaped cross sectional profile when a por- 
tion of the tether-blocking-device 88 does not abut re- 
taining stud 104. Further, the tether-blocking-device 88, 
vent-blocking-device 58, and retaining stud 104 are ar- 
ranged in a substantially "Z" shaped cross sectional pro- 
file when a portion of the tether-blocking-device 88 does 
abut retaining stud 104. Of course, other profiles and 
configurations of retaining stud 1 04 and tether-blocking- 
device 88 and vent-blocking-device 58 are contemplat- 
ed in accordance with the present disclosure. 
[0050] As illustrated, such vent openings 56 are nor- 
mally in fluid communication with gas discharge ports 
50 generally surrounding the diffuser portion 52 of the 
inflator. The vent-blocking-device is moveable within the 
second guide channel 92 in order to close or block the 
inflator vent openings upon activation of initiating device 
76 which cause vent blocking device 58 to slide in the 
guide channel. 

[0051] The operation of the vent-blocking-device 58 
is illustrated with reference to Figure 2. Here, vent- 
blocking-device 58 is shown in an open or first position 
in solid lines with vent openings 56 uncovered to direct 
a portion of the generated gas away from air bag cush- 
ion 20. Alternatively, the vent-blocking-device 58 is 



shown in a closed or second position in phantom lines 
with the vent-blocking-device blocking vent openings 56 
thereby directing a larger portion of the generated infla- 
tor gas to inflate the air bag cushion. 

5 [0052] In the illustrated exemplary embodiment, prior 
to activation of inflator 1 8 the air bag cushion 20 is stored 
in the housing in a folded condition. In addition, prior to 
activation of the inflator 18, the tether-blocking-device 
88 as well as the vent-blocking-device 58 are held in a 

10 first position by shearfeature94such that retaining stud 
104 and tether-blocking-device 88 hold releasable ele- 
ment 68 in place. The vent-blocking-device 58 is in a 
non-blocking position (e.g., normally open) thereby per- 
mitting egress of inflator gas outwardly from the hous- 

15 ing. As an alternative, the tether system and the venting 
system are individually activated by a control system 
wherein activation of one does not necessarily mean ac- 
tivation of the other. Further, it is contemplated for the 
vent-blocking-device 58 to be in a blocking position (e. 

20 g., normally closed) thereby preventing egress of inflator 
gas outwardly from the housing. 

[0053] Thus, the module 14 comprising the dual stage 
inflator 18, the variable inflator vent system 54 and the 
variable tether system 60 provides three means to cus- 

25 tomize or tailor the inflation level within the inflatable 
cushion 20. The control strategy of these three means 
can be adapted to the particular vehicle, the activation 
event, the environmental conditions, conditions of the 
seating structure 12, and the like. Exemplary embodi- 

30 ments of control algorithms for controlling the air bag 
module are illustrated in Figures 5-7. Of course it should 
be recognized that other methods of controlling the 
module are contemplated. 

[0054] Referring now to Figure 5, an exemplary em- 

35 bodiment of portions of a control algorithm 1 1 2 for con- 
trolling the air bag module is illustrated. Control algo- 
rithm 112 receives inputs from a plurality of sensors re- 
lating to the state of the vehicle and component parts of 
the same. In response to these inputs a control module 

40 and/or a sensing-and-diagnostic module determines 
whether the airbag should be deployed and what con- 
figuration the various schemes of the airbag activity de- 
vices are employed. Accordingly, and based upon input 
data control algorithm 112 will vary the level of inflation 

45 by controlling the initiators, the variable venting system, 
and the variable tether system to provide a simple, in- 
expensive, and reliable way to adapt the level of deploy- 
ment to the conditions that are indicative of the various 
inputs. Once the sensing-and-diagnostic module 22 de- 

50 tects an activation event, the control algorithm 112 de- 
termines which of the various systems within the airbag 
module are to be activated / used and the configuration 
of the same. 

[0055] Control algorithm 112 in this embodiment de- 
55 termines whether the integrated variable vent system 54 
and the variable tether system 60 are to be activated. 
Specifically, decision node 113 makes its decision 
based on the various inputs including the position of 
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seating structure 12. The inputs are detected and input- 
ted into the algorithm by seat position sensor 26, optical 
scanner 28, seat recline sensor 32, and/or combinations 
thereof. 

[0056] For example, if seating structure 12 is between 
a full forward position and a one-third forward position 
(e.g., if the seating structure is close to the air bag mod- 
ule 14), then decision node 113 does not activate the 
variable vent system 54 and the variable tether system 
60. In this instance, the variable venting system 54 di- 
rects 70% of the generated inflation gas and the releas- 
able element 68 retrains the cushion to the first expand- 
ed state 62. Thus, less inflation gas is provided to the 
cushion 20 and the cushion is retained to a lesser de- 
gree than provided by the second expanded state 64. 
[0057] However, if the seating structure 12 is between 
a one-third forward position and a full rearward position 
(e.g., if the seating structure is further away from the air 
bag module 14), then the decision node 113 activates 
the variable vent system 54 and variable tether system 
60 by way of ignition of the initiating device 76. In this 
instance, the variable venting system 54 directs 100% 
of the generated inflation gas to the cushion 20, and the 
releasable element 68 is released such that the cushion 
is opens to the second expanded state 64. Thus, a larger 
amount of inflation gas is provided to the cushion 20, 
and the cushion is allowed to expand farther than pro- 
vided by the first expanded state 62. It is noted that var- 
iable venting system 54 and releasable element 68 are 
capable of being independently activated by signals 
generated by control algorithm 112. 
[0058] Next or simultaneously, the control algorithm 
112 determines whether the seat belt structures are se- 
cured (e.g., buckled is inserted into its corresponding 
clasp). Specifically, a decision node 116 or 117 depend- 
ing on the result of node 113 determines whether the 
seat belts are secured. This determination is made by 
; the inputs received from the seat belt detection sensors 
34. 

[0059] Then or again simultaneously, control algo- 
rithm 112 determines at a corresponding decision node 
118 or 119 whether the activation event detected by the 
sensing-and-diagnostic module 22 requires a high level 
of inflation or a low level of inflation. 
[0060] Control algorithm 112 provides the inputs or 
sig nals to the air bag module to provide the inflation level 
corresponding to the results of decision nodes 113 and 
116-119. Accordingly, the control algorithm controls the 
activation of the air bag module 14 to provide five dis- 
crete inflation input levels (0%, 56%, 70%, 80%, and 
100%) based on seat belt usage, the activation event, 
and position of seating structure 12. 
[0061] The high inflation level, which is caused by ig- 
niting the first and second generators, corresponds to a 
high activation event level. During a low inflation level, 
only the second generator is ignited. 
[0062] In the embodiment of Figure 5, an air bag pres- 
sure index or inflation level 1 28 within cushion 20 is de- 



termined from the inflation input 122 and the air bag vol- 
ume index 124. The inflation input 122 is proportional to 
the quantity of inflation gas generated by the inflator 1 8 
multiplied by the quantity of inflation gas directed to the 

5 cushion 20 by the variable venting system. Thus, the 
inflation input 122 is dependant on the state of the var- 
iable venting system 54 and on the state with which the 
dual stage inflator 18 is operated, if at all. The air bag 
volume index 124 is dependant on the state of the var- 

10 jable tether system 60, namely the first expanded state 
62 or second expanded state 64. The air bag pressure 
index 128 is determined by dividing the inflation input 
122 by the bag volume index 124. 
[0063] Accordingly, the result of the control algorithm 

15 112 is the deployment of the air bag module 14 in such 
a manner to adapt or customize the air bag pressure 
index 128 to a desired level that is based in part on seat 
position, seat belt usage, and activation event level. In 
the example of Figure 5, the control algorithm 112 re- 

20 suits in eight different deployment scenarios, each hav- 
ing an air bag pressure index 128 commensurate in 
magnitude to the seat position, seat belt usage, and ac- 
tivation' event level. 

[0064] Deployment scenarios 131-138 are each de- 

25 scribed below with respect to their resultant air bag pres- 
sure indexes 128. Deployment scenarios 131-134 rep- 
resent the output when the first decision node 113 does 
not activate the variable vent system 54 and release the 
variable tether system 60 (block 114). Deployment sce- 

30 narios 135-1 38 represent the output of the when the first 
decision node 113 activates the variable vent system 54 
and the variable tether system 60 (block 115). 
[0065] Referring back now to deployment scenario 
131, the same relates to the following inputs: seat belt 

35 jn use, low activation event level, and seating structure 
12 is between a full forward position and a one-third for- 
ward position. Here, the algorithm does not activate the 
inflator 18. The inflation input 122 is equal to zero be- 
cause the amount to be directed to the cushion is 70% 

40 but the quantity of gas generated is zero (e.g., 70% x 
0%). The bag volume index 124 is 87% since the vari- 
able tether system 60 is not released. Therefore, de- 
ployment scenario 131 provides an air bag pressure in- 
dex 128 equal to zero (e.g., 0% + 87%). 

45 [0066] In deployment scenario 132, the same relates 
to the following inputs: seat belt in use, seating structure 
12 is between a full forward position and a one-third for- 
ward position, but activation event level is high. Here, 
the algorithm activates the inflator 18 to have a high in- 

50 flation level (e.g., produces 100% of the inflation gas). 
Thus, in this instance the air bag module 1 4 ignites both 
the first and second generators of the inflator 18. The 
inflation input 122 is equal to 70% because the quantity 
of inflation gas from the inflator 18 is 100% and the 

55 amount directed by venting system 54 is 70% (e.g., 70% 
x 100%). Again, the bag volume index 124 is 87%. 
Therefore, the deployment scenario 1 32 provides an air 
bag pressure index 128 equal to 80% (e.g., 70% -87%). 
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[0067] In deployment scenario 133, the seat belt is not 
in use, the activation event level is low, and seating 
structure 12 is between a full forward position and a one- 
third forward position. Here, the algorithm activates the 
inflator 18 at a low inflation level (e.g., produces 80% of 
the inflation gas). Thus, in this instance the air bag mod- 
ule 14 ignites only the propellant of second housing 40 
of the inflator 18. The inflation input 122 is equal to 56% 
because the quantity of inflation gas from the inflator 18 
is 80% and the amount directed by venting system 54 
is 70% (e.g., 70% x 80%). Again, the bag volume index 
124 is 87%. Therefore, deployment scenario 133 pro- 
vides an air bag pressure index 128 equal to 64% (e.g., 
56% + 87%). 

[0068] In deployment scenario 134, the seat belt is not 
in use, the activation event level is high, and seating 
structure 1 2 is between a full forward position and a one- 
third forward position. Here, the algorithm activates the 
inflator 18 at a high inflation level (e.g., produces 100% 
of the inflation gas). Thus, in this instance the air bag 
module 14 ignites both the propellant of both the first 
and the second housings of the inflator 1 8. The inflation 
input 122 is equal to 70% because the quantity of infla- 
tion gas from the inflator 18 is 100% and the amount 
directed by venting system 54 is 70% (e.g., 70% x 
1 00%). Again, the bag volume index 124 is 87%. There- 
fore, deployment scenario 134 provides an air bag pres- 
sure index 128 equal to 80% (e.g., 70% 87%). 
[0069] In deployment scenario 1 35, the seat belt is in 
use, the activation event level is low, and seating struc- 
ture 1 2 is between a one-third forward position and a full 
rearward position. Here, the algorithm activates initiat- 
ing device 76 to close the vent 58 and to release the 
releasable element 68, while the inflator 1 8 is configured 
to be at a low inflation level (e.g., produces 80% of the 
inflation gas). Thus, in this instance the air bag module 
14 ignites the propellant of second housing 40 of the 
inflator 18, and initiating device 76. The inflation input 
1 22 is equal to 80% because the quantity of inflation gas 
from the inflator 18 is 80% and the amount directed by 
venting system 54 is 100% (e.g., 100% x 80%). Here, 
the bag volume index 124 is 100% since the variable 
tether system 60 is activated (e.g., released). Therefore, 
deployment scenario 135 provides an air bag pressure 
index 128 equal to 80% (e.g., 80% - 100%). 
[0070] In deployment scenario 1 36, the seat belts are 
in use, the activation event level is high, and seating 
structure 12 is between a one-third forward position and 
a full rearward position. Here, the algorithm activates in- 
itiating device 76 to close the vent 58 and to release the 
releasable element 68. In addition, the algorithm acti- 
vates the inflator 18 at a high inflation level (e.g., pro- 
duces 100% of the inflation gas). Thus, in this instance 
the air bag signals are provided to ignite both the first 
and second generators, and initiating device 76. The in- 
flation input 122 is equal to 100%, because the quantity 
of inflation gas from the inflator 18 is 100% and the 
amount directed by venting system 54 is 100%. Again, 



the bag volume index 124 are 100%. Therefore, deploy- 
ment scenario 136 provides an air bag pressure index 
128 equal to 100% (e.g., 100% + 100%). 
[0071] In deployment scenario 137, the seat belts are 

5 not in use, the activation event level is low, and seating 
structure 12 is between a one-third forward position and 
a full rearward position. Here, the algorithm activates in- 
itiating device 76 to close the vent 58 and to release the 
releasable element 68, while the inflator 18 is activated 

10 to provide a low inflation level (e.g., produces 80% of 
the inflation gas). Thus, in this instance the propellant 
of second housing 40 of the inflator 18 is ignited as well 
as initiating device 76. The inflation input 122 is equal 
to 80% because the quantity of inflation gas from the 

15 inflator 18 is 80% and the amount directed by venting 
system 54 is 100%. Again, the bag volume index 124 is 
100%. Therefore, deployment scenario 137 provides an 
air bag pressure index 128 equal to 80% (e.g., 80% 
100%). 

20 [0072] In deployment scenario 138, the seat belts are 
not in use, the activation event level is high, and seating 
structure 1 2 is between a one-third forward position and 
a full rearward position. Here, the algorithm activates in- 
itiating device 76 to close the vent 58 and to release the 

25 releasable element 68, while also activating the inflator 
for a high inflation level (e.g., produces 100% of the in- 
flation gas). Thus, in this instance the first generator, the 
second generator, and the initiating device 76 are ignit- 
ed. The inflation input 1 22 is equal to 1 00% because the 

30 quantity of inflation gas from the inflator 18 and the 
amount directed by venting system 54 are 1 00%. Again, 
the bag volume index 124 is 100%. Therefore, deploy- 
ment scenario 138 provides an air bag pressure index 
128 equal to 100% (e.g., 100% - 100%). 

35 [0073] An alternative embodiment of the control algo- 
rithm of the present disclosure is illustrated in Figure 6. 
Figure 6 illustrates how the algorithm adapts the air bag 
pressure index 128 to the various conditions being 
sensed. In this embodiment, the dual stage inflator 18, 

40 the variable venting system 54, and the variable tether 
system 60 have ratios different from those described 
with respect to Figure 5. 

[0074] Specifically, the dual stage inflator 1 8 is adapt- 
ed to provide about 85% of the inflator gas under the 

45 low inflation levels (e.g., ignition of only the propellant 
of the second housing 40) and to provide 100% of the 
inflator gas under the high inflation conditions (e.g., ig- 
nition of the propellant of both the first and second gen- 
erators). The variable inflator vent system 54 is config- 

50 ured to allow about 70% of the generated inflator gas to 
be directed to the cushion when vent openings 56 are 
open, and about 100% when the vent-blocking-device 
58 covers the openings 56. The variable tether system 
60 provides about 78% of the cushion 20 depth when 

55 the tether-blocking-device 88 abuts the retaining stud 
104, and about 100% of the cushion 20 depth when the 
tether-blocking-device 88 is released from the retaining 
stud 104. 
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[0075] In deployment scenario 131 of Figure 6, the 
amount to be directed to the cushion is 70% but the 
quantity of gas generated is zero. Thus, the inflation in- 
put 122 is equal to zero. The bag volume index 124 is 
78% since the variable tether system 60 is not released. 
Therefore, in deployment scenario 131 provides an air 
bag pressure index 128 equal to zero (e.g., 0% +' 78%). 
[0076] In deployment scenarios 1 32 and 1 34 of Fig ure 
6, the quantity of inflation gas from the inflator 18 is 
100% and the amount directed by venting system 54 is 
70%. Thus, the inflation input 122 is equal to 70%. 
Again, the bag volume index 124 is 78%. Therefore, de- 
ployment scenario 132 provides an air bag pressure in- 
dex 128 equal to 89% (e.g., 70% + 78%). 
[0077] In deployment scenario 133 of Figure 6, the 
quantity of inflation gas from the inflator 18 is 85% arid 
the amount directed by venting system 54 is 70%. Thus, 
the inflation input 122 is equal to 59%. The bag volume 
index 124 is 78%. Therefore, deployment scenario 133 
provides an air bag pressure index 128 equal to 76% (e. 
g.,59% + 78%). 

[0078] Indeploymentscenarios135and 137 of Figure 
6, the quantity of inflation gas from the inflator 1 8 is 85% 
and the amount directed by venting system 54 is 100%. 
Thus, the inflation input 122 is equal to 85% (e.g., 100% 
x 85%). Here, the bag volume index 124 is 100% since 
the variable tether system 60 is released. Therefore, de- 
ployment scenario 135 provides an air bag pressure in- 
dex 128 equal to 85% (e.g., 85% + 100%). 
[0079] In deployment scenarios 136 and 138 of Figure 
6, the inflation input 122 is equal to 100% since the 
quantity of inflation gas from the inflator 18 is 100% and 
the amount directed by venting system 54 is 100%. 
Again, the bag volume index 124 are 100%. Therefore, 
deployment scenario 136 provides an air bag pressure 
index 128 equal to 100% (e.g., 100% 100%). 
[0080] It should be recognized that the control algo- 
rithm is resident upon a microcontroller located in the 
vehicle. The microcontroller may be the same unit used 
to control or operate the sensing and diagnostic module. 
In addition, the control algorithm is capable of being op- 
erated independently of the sensing and diagnostic 
module as well as simultaneously, 
[0081] As provided by example above, air bag module 
14 as controlled by algorithm 112 provides for at least 
five discrete levels of air bag pressures index 128 that 
are tailored to specific conditions encountered. In the 
first example, the discrete levels include air bag pres- 
sures indexes 128 of zero at deployment condition 131, 
sixty four percent at deployment condition 133, eighty 
percent at deployment conditions 132, 134, 135, and 
1 37, and one hundred percent at deployment conditions 
136 and 138. However, in the second example, the dis- 
crete levels include air bag pressures indexes 128 of 
zero at deployment condition 131, eighty-nine percent 
at deployment conditions 132 and 134, seventy-six per- 
cent at deployment condition 133, eighty-five percent at 
deployment conditions 135 and 137, and one hundred 



percent at deployment conditions 136 and 138. 
[0082] The algorithm provides a simple, inexpensive, 
and reliable way to tailor the inflatable cushion 20 to the 
sensed conditions. The discrete levels of air bag pres- 

s sure 128 are provided with a dual stage inflator 18, a 
variable tether system 60, and a variable venting system 
54. The control algorithm 112 activates the two stages 
of the inflator as well as the variable tether and venting 
systems depending on the sensed conditions. The con- 

10 trol algorithm 112 does not require a complex logic tree 
or multiple control signals during the activation event to 
integrate the air bag pressures 128 to the activation 
event level. 

[0083] Algorithm 112 selects a discrete inflation level 

15 using conventional vehicle inputs such as seat position, 
seat belt usage, and activation event level to customize 
the air bag inflation pressure 128 to the various condi- 
tions and/or scenarios. When the seating structure 12 
is away from the air bag module 14 (e.g., rear position), 

20 the air bag module activates the variable venting system 
54 and the variable tether system 60 to ensure that all 
of the gas generated by the dual stage inflator 18 goes 
to air bag and that tether is extended. However, when 
the seating structure 12 close to the air bag module 14, 

25 the air bag module does not activate the variable venting 
system 54 or the variable tether system 60 to ensure 
that some of the gas generated by the dual stage inflator 
is vented away from the cushion 20 and that tether is 
restrained. In other words, when the 1 seating structure 

30 12 is close to the air bag module 14, the cushion is shal- 
lower with less pressure, but when the seating structure 
1 2 is farfrom the air bag module 14, the cushion is deep- 
er and fuller. By enabling two air bag profiles 62 and 64, 
two inflation venting conditions, and two quantities of 

35 generated inflation gas, the air bag module 14 provides 
depths and pressures that are more closely tied to the 
conditions encountered. 

[0084] An alternative embodiment of a control algo- 
rithm 21 2 of the present disclosure is illustrated in Figure 
40 7. Figure 7 illustrates how the algorithm adapts the air 
bag pressure index 228 to the various conditions being 
sensed. In this embodiment, the inflator 18 is a single 
stage inflator capable of generating 100% of the inflation 
gas at all times. Here, the variable venting system 54, 
45 and the variable tether system 60 have ratios different 
from those described with respect to Figures 5 and 6. 
[0085] Specifically, the inflator 18 is adapted to pro- 
vide about 100% of the inflator gas under the all inflation 
conditions. The variable inflator vent system 54 is con- 
so figured to allow about 80% of the generated inflator gas 
to be directed to the cushion when vent openings 56 are 
open, and about 100% when the vent-blocking-device 
58 covers the openings 56. The variable tether system 
60 provides about 87% of the cushion 20 volume when 
55 the tether-blocking-device 88 abuts the retaining stud 
104, and about 100% of the cushion 20 volume when 
the tether-blocking-device 88 is released from the re- 
taining stud 104. 
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[0086] Accordingly, the result of the control algorithm 
212 is the deployment of the air bag module 14 in such 
a manner to adapt or customize the air bag pressure 
index 228 to a desired level that is based in part on seat 
position, seat belt usage, and activation event level. In 
the example of Figure 7, the control algorithm 212 re- 
sults in eight different deployment scenarios, each hav- 
ing an air bag pressure index 228 commensurate in 
magnitude to the seat position, seat belt usage, and ac- 
tivation event level. 

[0087] Specifically, decision node 213 makes its de- 
cision based on the various inputs including the position 
of seating structure 12. The inputs are detected and in- 
putted into the algorithm by seat position sensor 26, op- 
tical scanner 28, seat recline sensor 32, and/or combi- 
nations thereof. 

[0088] For example, if seating structure 12 is between 
a full forward position and a one-third forward position 
(e.g., if the seating structure is close to the air bag mod- 
ule 14), then decision node 213 does not activate the 
variable vent system 54 and the variable tether system 
60. In this instance, the variable venting system 54 di- 
rects 80% of the generated inflation gas, and the releas- 
able element 68 retrains the cushion to the first expand- 
ed state 62. Thus, less inflation gas is provided to the 
cushion 20 and the cushion is retained to protrude into 
the vehicle 10 to a lesser degree than provided by the 
second expanded state 64. 

[0089] However, if the seating structure 12 is between 
a one-third forward position and a full rearward position 
(e.g., if the seating structure is further away from the air 
bag module 14), then the decision node 213 waits to 
determine the activation state of the variable vent sys- 
tem 54 and variable tether system 60. 
[0090] Next or simultaneously, the control algorithm 
212 determines whether the seat belt structures are se- 
cured (e.g., buckled is inserted into its corresponding 
clasp). Specifically, a decision node 216 or 21 7 depend- 
ing on the result of node 213 determines whether the 
seat belts are secured. This determination is made by 
the inputs received from the seat belt detection sensors 
34. 

[0091] Then or simultaneously, control algorithm 212 
determines at a corresponding decision node 21 8 or219 
whether the activation event detected by the sensing- 
and-diagnostic module 22 is a high activation event level 
or a low activation event level. 

[0092] At decision node 218, the control algorithm 212 
determines whether or not to activate the inflator 18. If 
the activation event level at decision node 218 is low, 
and the condition at decision node 216 is belted, then 
decision node 218 does not activate the inflator. How- 
ever, if the activation event level at decision node 218 
is high, and the condition at decision node 216 is belted, 
then decision node 218 activates the inflator. Similarly, 
if the activation event level at decision node 218 is high 
or low, and the condition at decision node 216 is un- 
belted, then decision node 218 activates the inflator. 



[0093] At decision node 2 1 9, the control algorithm 21 2 
determines whether to activate the variable vent system 
54 and the variable tether system 60. If the activation 
event level at decision node 219 is high, then decision 

5 node 219 activates the variable vent system 54 and the 
variable tether system 60. In this instance the variable 
venting system 54 directs 100% of the generated infla- 
tion gas to the cushion, and the releasable element 68 
releases the cushion to the second expanded state 64. 

10 Thus, more inflation gas is provided to the cushion 20 
and the cushion is has a deeper volume than provided 
by the first expanded state 62. 

[0094] However, if the activation event level at deci- 
sion node 219 is low, then decision node 219 does not 

15 activate the variable vent system 54 and the variable 
tether system 60. In this instance, the variable venting 
system 54 directs 80% of the generated inflation gas, 
and the releasable element 68 retrains the cushion to 
the first expanded state 62. Thus, less inflation gas is 

20 provided to the cushion 20 and the cushion is retained 
to protrude into the vehicle 10 to a lesser degree than 
provided by the second expanded state 64. 
[0095] Control algorithm 212 provides the inputs or 
signals to the air bag module to provide the inflation level 

25 corresponding to the results of decision nodes 213 and 
216-219. Namely, the algorithm determines whether or 
not to activate the inflator and whether or nor to activate 
the variable venting system 54 and the variable tether 
system 60. Accordingly, the inflation level is based on 

30 seat belt usage, the activation event, and position of 
seating structure 12. 

[0096] Accordingly, the control algorithm controls the 
activation of the air bag module 14 to provide three dis- 
crete inflation input levels (0%, 80%, and 100%). 

35 [0097] Deployment scenarios 231-238 are each de- 
scribed below with respect to their resultant ai r bag pres- 
sure indexes 228. Deployment scenarios 231-234 rep- 
resent the output when the first decision node 213 does 
detect the seat position to be greater than one-third for- 

40 ward. Deployment scenarios 235-238 represent the out- 
put when the first decision node 21 3 does not detect the 
seat position to be greater than one-third forward. 
[0098] Referring back now to deployment scenario 
231, the same relates to the following inputs; seat belt 

45 in use, low activation event level, and seating structure 
1 2 is between a full forward position and a one-third for- 
ward position. Here, the algorithm does not activate the 
inflator 18, the variable vent system 54 or the variable 
tether system 60. The inflation input 222 is equal to zero 

so because the amount to be directed to the cushion is 80% 
but the quantity of gas generated is zero (e.g., 80% x 
0%). The bag volume index 124 is 87% since the vari- 
able tether system 60 is not released. Therefore, de- 
ployment scenario 231 provides an air bag pressure in- 

55 dex 228 equal to zero (e.g., 0% 87%). 

[0099] In deployment scenario 232, the same relates 
to the following inputs: seat belt in use, seating structure 
1 2 is between a full forward position and a one-third for- 
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ward position, but activation event level is high. Here, 
the algorithm activates the inflator 18, but does not ac- 
tivate the variable vent system 54 or the variable tether 
system 60. Thus, inflation input 222 is equal to 80% be- 
cause the quantity of inflation gas from the inflator 1 8 is 
100% and the amount directed by venting system 54 is 
80% (e.g., 80% x 100%). The bag volume index 224 is 
87%. Therefore, the deployment scenario 232 provides 
an air bag pressure index 228 equal to 91% (e.g., 80% 
+ 87%). 

[0100] In deployment scenario 233, the same relates 
to the following inputs: seat belt not in use, seating struc- 
ture 12 is between a full forward position and a one-third 
forward position, and a low activation event level. Here, 
the algorithm activates the inflator 18, but does not ac- 
tivate the variable vent system 54 or the variable tether 
system 60. Thus, the deployment scenario 233 f like de- 
ployment scenario 232 above, provides an air bag pres- 
sure index 228 equal to 91% (e.g., 80% 87%). 
[01011 In deployment scenario 234, the same relates 
to the following inputs: seat belt not in use, seating struc- 
ture 1 2 is between a full forward position and a one-third 
forward position, and a high activation event level. Here, 
the algorithm activates the inflator 18, but does not ac- 
tivate the variable vent system 54 or the variable tether 
system 60. Thus, the deployment scenario 234, like de- 
ployment scenarios 232 and 233 above, provides an air 
bag pressure index 228 equal to 91 % (e.g., 80% + 87%). 
[0102] In deployment scenario 235, the same relates 
to the following inputs: seat belt in use, seating structure 
12 is between a one-third forward position and a full 
rearward position, and a low activation event level. 
Here, the algorithm activates the inflator 18, but does 
not activate the variable vent system 54 or the variable 
tether system 60. Thus, the deployment scenario 235, 
like deployment scenarios 232-234 above, provides an 
air bag pressure index 228 equal to 91% (e.g., 80% + 
87%). 

[0103] In deployment scenario 236, the same relates 
to the following inputs: seat belt in use, seating structure 
12 is between a one-third forward position and a full 
rearward position, and a high activation event level. 
Here, the algorithm activates the inflator 1 8, the variable 
vent system 54, and the variable tether system 60. Thus, 
inflation input 222 is equal to 1 00% because the quantity 
of inflation gas from the inflator 18 is 100% and the 
amount directed by venting system 54 is 100% (e.g., 
100% x 100%). The bag volume index 224 is 100%. 
Therefore/the deployment scenario 236 provides an air 
bag pressure index 228 equal to 100% (e.g., 100% 
100%). 

[0104] In deployment scenario 237, the same relates 
to the following inputs: seat belt in not use, seating struc- 
ture 1 2 is between a one-third forward position and a full 
rearward position, and a low activation event level. 
Here, the algorithm activates the inflator 18, but does 
not activate the variable vent system 54 or the variable 
tether system 60. Thus, the deployment scenario 235, 



like deployment scenarios 232-235 above, provides an 
air bag pressure index 228 equal to 91% (e.g., 80% -s- 
87%). 

[0105] In deployment scenario 238, the same relates 

5 to the following inputs: seat belt in not use, seating struc- 
ture 12 is between a one-third forward position and a full 
rearward position, and a high activation event level. 
Here, the algorithm activates the inflator 18, the variable 
ventsystem54, and the variable tether system 60. Thus, 

10 the deployment scenario 235, like deployment scenario 
236 above, provides an air bag pressure index 228 
equal to 100% (e.g., 100% + 100%). 
[0106] As provided by example above, air bag module 
14 as controlled by algorithm 212 provides for three dis- 

15 crete levels of air bag pressures index 228 that are tai- 
lored to specific conditions encountered. In the example 
provided, the discrete levels include air bag pressures 
indexes 228 of zero at deployment condition 231 , nine- 
ty-one percent at deployment conditions 232-235 and 

20 237, and one hundred percent at deployment conditions 
236 and 238. 

[0107] The algorithm provides a simple, inexpensive, 
and reliable way to tailor the inflatable cushion 20 to the 
sensed conditions. The discrete levels of air bag pres- 

25 sure 228 are provided with a single stage inflator 18, a 
variable tether system 60, and a variable venting system 
54. The control algorithm 212 activates the inflator as 
well as the variable tether and venting systems depend- 
ing on the sensed conditions. The control algorithm 212 

30 does not require a complex logic tree or multiple control 
signals during the activation event to integrate the air 
bag pressures 228 to the activation event level. 
[0108] Algorithm 212 selects a discrete inflation level 
using conventional vehicle inputs such as seat position, 

35 seat belt usage, and activation event level to customize 
the air bag inflation pressure 228 to the various condi- 
tions and/or scenarios. 

[0109] It should also be noted that the terms "first", 
"second", and "third", and the like may be used herein 
40 to modify elements performing similar and/or analogous 
functions. These modifiers do not imply a spatial, se- 
quential, or hierarchical order to the modified elements 
unless specifically stated. 

[0110] While the invention has been described with 
45 reference to an exemplary embodiment, it will be under- 
stood by those skilled in the art that various changes 
may be made and equivalents may be substituted for 
elements thereof without departing from the scope of the 
invention. In addition, many modifications may be made 
50 to adapt a particular situation or material to the teach- 
ings of the invention without departing from the essential 
scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as 
the best mode contemplated for carrying out this inven- 
55 tion, but that the invention will include all embodiments 
falling within the scope of the appended claims. 



12 



23 



EP 1 323 594 A2 



24 



Claims 

1. An air bag pressure control system for use in a ve- 
hicle (10), comprising: 

a housing (16) being configured for installment 
in the vehicle in a selected spatial relation to a 
seating structure (12); 

an inflatable cushion (20) stored in an un-de- 
ployed position in said housing, said inflatable 
cushion being configured for deployment to- 
wards said seating structure; 
a dual stage inflator(18) stored in said housing 
in fluid communication with said inflatable cush- 
ion, said dual stage inflator being configured to 
generate a quantity of inflation gas being in a 
range defined by a first quantity of inflation gas 
and a second quantity of inflation gas to deploy 
said inflatable cushion from said housing to- 
wards said seating structure; 
a vent opening (56) being formed in said hous- 
ing, said vent opening being configured to se- 
lectively direct a portion of said first quantity of 
inflation gas or said second quantity of inflation 
gas towards or away from said inflatable cush- 
ion; 

a sensing and diagnostic module (22) for de- 
tecting an activation event level; and 
a control algorithm (112) adapted to tailor an in- 
flation level of said inflatable cushion during de- 
ployment by controlling said dual stage inflator 
to generate either said first quantity of inflation 
gas or said second quantity of inflation gas, by 
controlling said vent opening to direct said por- 
tion towards or away from said inflatable cush- 
ion, and combinations thereof. 

2. The air bag pressure control system as in claim 1, 
further comprising: 

a tether element (68) being configured to selec- 
tively retain said inflatable cushion in a profile 
being in a range defined by a first expanded 
profile (62) and a second expanded profile (64). 

3. The air bag pressure control system as in claim 2, 
wherein said control algorithm tailors said inflation 
level of said inflatable cushion during deployment 
by controlling said dual stage inflator to generate 
either said first quantity of inflation gas or said sec- 
ond quantity of inflation gas, by controlling said vent 
opening to direct said portion towards or away from 
said inflatable cushion, by controlling said tether el- 
ement to retain said inflatable cushion in said first 
expanded profile or said second expanded profile, 
and combinations thereof. 

4. The air bag pressure control system as in claim 3, 



wherein said sensing and diagnostic module de- 
tects a seat position of said seating structure with 
respect to said housing and a seat belt usage. 



from said inflatable cushion and to release said 
inflatable cushion to said second expanded 
profile. 

25 7. The air bag pressure control system as in claim 6, 
wherein said control algorithm is configured to se- 
lect said inflation level from at least five discrete in- 
flation levels. 

30 8. The air bag pressure control system as in claim 6, 
wherein said actuation mechanism is moved from 
said first position to said second position by an ini- 
tiating device (76). 

35 9. The air bag pressure control system as in claim 8, 
wherein said initiating device is a pyrotechnic squib 
or a pneumatic actuator. 

10. The air bag pressure control system as in claim 1, 
40 wherein said control algorithm is configured to se- 
lect said inflation levels from at least three discrete 
inflation levels. 

11. The air bag pressure control system as in claim 4, 
45 wherein said activation event level being in a range 

defined by a high level and a low level, said seat 
position being in a range defined by a first position 
and a second position with respect to said housing, 
and said seat belt usage being in a range defined 
so by a belted state and an un-belted state. 

12. The air bag pressure control system as in claim 11 , 
wherein said first position is from a one-third for- 
ward position and a full forward position, and said 

55 second position is from a full rearward position and 
to said one-third forward position. 

13. The air bag pressure control system as in claim 11 , 



5 5. The air bag pressure control system as in claim 4, 
wherein said control algorithm tailors said inflation 
level of said inflatable cushion during deployment 
according to said activation event level, said seat 
position, and said seat belt usage. 

10 

6. The air bag pressure control system as in claim 2, 
further comprising: 

an actuation mechanism (70) moveable be- 
15 tween a first position and a second position, 

said first position being configured to direct said 
portion away from said inflatable cushion and 
to selectively retain said inflatable cushion in 
said first expanded profile, said second position 
20 being configured to direct said portion towards 
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wherein said control algorithm provides: 

a first discrete inflation level (131) if said event 
level is said low level, said seat position is said 
first position, and said seat belt usage is said 
belted state; 

a second discrete inflation level (132, 134) if 
said event level is said high level, said seat po- 
sition is said first position, and said seat belt us- 
age is either said belted state or said un-belted 
state; 

a third discrete inflation level (133) if said event 
level is said low level, said seat position is said 
first position, and said seat belt usage is said 
un-beited state; 

a fourth discrete inflation level (135, 137) if said 
event level is said low level, said seat position 
is said second position, and said seat belt us- 
age is either said belted state or said un-belted 
state; and 

a fifth discrete inflation level (136, 138) if said 
event level is said high level, said seat position 
is said second position, and said seat belt us- 
age is either said belted state or said un-belted 
state. 

14. The air bag pressure control system as in claim 13, 
wherein said first discrete inflation level is zero. 

15. The air bag pressure control system as in claim 13, 
wherein said second discrete inflation level is pro- 
vided by said dual stage inflator generating said 
second quantity of inflation gas, said vent opening 
diffusing said portion away from said inflatable 
cushion, and said tether element retaining said in- 
flatable cushion in said first expanded profile. 

16. The air bag pressure control system as in claim 13, 
wherein said third discrete inflation level is provided 
by said dual stage inflator generating said first 
quantity of inflation gas, said vent opening diffusing 
said portion away from said inflatable cushion, and 
said tether element retaining said inflatable cushion 
in said first expanded profile. 

17. The air bag pressure control system as in claim 13, 
wherein said fourth discrete inflation level is provid- 
ed by said dual stage inflator generating said first 
quantity of inflation gas, said vent opening diffusing 
said portion towards said inflatable cushion, and 
said tether element releasing said inflatable cush- 
ion to said second expanded profile. 

18. The air bag pressure control system as in claim 13, 
wherein said fifth discrete inflation level is provided 
by said dual stage inflator generating said second 
quantity of inflation gas, said vent opening diffusing 
said portion towards said inflatable cushion, and 



said tether element releasing said inflatable cush- 
ion to said second expanded profile. 

19. A method of customizing the pressure within an in- 
5 f latable cushion (20) installed in a vehicle (10), com- 
prising: 

determining at a first decision node (113) 
whether or not to move an actuation mecha- 
nism (70) from a first position to a second po- 
sition based on whethera seating structure (1 2) 
is in a first location, said actuation mechanism 
being configured to selectively direct a portion 
of an inflation gas away from or toward the in- 
flatable cushion and being configured to selec- 
tively retain the inflatable cushion in a profile 
being in a range defined by a first expanded 
profile (62) and a second expanded profile (64); 
determining whether a seat belt structure (36) 
is in a first state or a second state; 
determining whether an activation event has a 
first level or a second level; and 
determining at a second detection node (118, 
119) whether to generate said inflation gas in a 
high quantity, a low quantity, or no quantity 
based on whether said seating structure is in 
said first location, whether said seat belt struc- 
ture is in said first or second state, and whether 
said activation event has said first or second 
level. 

20. The method as in claim 19, further comprising mov- 
ing said actuation mechanism from said first posi- 
tion to said second position if said seating structure 

35 not in said first location, but not moving said actua- 
tion mechanism from said first position to said sec- 
ond position if said seating structure is in said first 
location. 

40 21. The method as in claim 20, further comprising gen- 
erating said low quantity of said inflation gas if said 
activation event has said first level. 

22. The method as in claim 21 , further comprising gen- 
45 erating said high quantity of said inflation gas if said 

activation event has said second level. 

23. The method as in claim 22, further comprising gen- 
erating no quantity of said inflation gas if said acti- 

50 vation event has said first level, said seat structure 
is in said first location, and said seat belt structure 
is in said first state. 

24. A method of customizing the pressure within an in- 
55 flatable cushion (20) installed in a vehicle (10), com- 
prising: 

detecting an activation event level, said activa- 
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tion event level being in a range defined by a 
first level and a second level; 
detecting a seating structure position, said 
seating structure position being in a range de- 
fined by a first position and a second position; 5 
detecting a seat belt state, said seat belt state 
being in a range defined by a first state and a 
second state; and 

controlling a generation of a quantity of inflation 
gas, a diffusion of a portion of said inflation gas, 10 
and a change in an expanded state of an inflat- 
able cushion based on said activation event 
level, said seating structure position, and said 
seat belt state. 

15 

25. The method as in claim 24, wherein said quantity of 
inflation gas is in a range defined by a high quantity, 
a low quantity, or no quantity. 

26. The method as in claim 24, wherein said diffusion 20 
of said portion of said inflation gas diffuses said por- 
tion toward or away from an inflatable cushion. 

27. The method as in claim 24, wherein said change in 
said expanded state of said inflatable cushion com- 25 
prises changing from a first expand state to a sec- 
ond expanded state. 

28. The method as in claim 24, wherein said first posi- 
tion is equal to a full forward position through a one- 30 
third forward position, and said second position is 
equal to a full rearward position to said one-third for- 
ward position. 

29. The method as in claim 25, comprising generating 35 
said low quantity of said inflation gas if said activa- 
tion event level is said first level. 

30. The method as in claim 25, further comprising gen- 
erating said high quantity of said inflation gas if said 40 
activation event level is said second level. 

31. The method as in claim 25, further comprising gen- 
erating said no quantity of said inflation gas if said 
activation event level has said first level, said seat 45 
structure is in said first position, and said seat belt 
structure is in said first state. 

32. The method as in claim 27, further comprising dif- 
fusing said portion of said inflation gas toward said 50 
inflatable cushion, and changing said inflatable 
cushion from said first expand state to said second 
expanded state if said seating structure is in said 
second position. 

55 

33. The method as in claim 27, further comprising dif- 
fusing said portion of said inflation gas away from 
said inflatable cushion, and leaving said inflatable 



cushion in said first expand state if said seating 
structure is in said first position. 

34. A method of customizing the pressure within an in- 
flatable cushion (20) installed in a vehicle (10), com- 
prising: 

determining at a first decision node (113) 
whether a seating structure (12) is in a first lo- 
cation or a second location; 
determining at a second decision node (116) 
whether a seat belt structure (36) is in a first 
state or a second state; 

determining at a third decision node (118, 119) 
whether an activation event has a first level or 
a second level; 

generating an inflation gas unless said seating 
structure is in said first location, said seat belt 
structure is in said first state, and said activation 
event has said first level; 
diffusing a portion of said inflation gas away 
from an inflatable cushion and retaining said in- 
flatable cushion in a first expanded profile if 
said seating structure is in said first location and 
said inflation gas is generated; and 
diffusing said portion of said inflation gas to- 
ward said inflatable cushion and changing said 
inflatable cushion to a second expanded profile 
if said seating structure is in said second loca- 
tion and said inflation gas is generated. 
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